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A Survey  of  Low  Reflection  Coefficients  for 
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by 
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SUMMARY 


During  development  on  radio  terrain  clearance  indicators  work  was 
done  to  measure  the  reflection  coefficients  from  terrains  expeotei  to 
have  the  lowest  values.  The  measurements  were  mode  at  a frequency  of 
1600  Mc/s.  They  depended  upon  the  reception  in  an  aircraft  flying  over 
the  terrain,  of  a signal  transmitted  vertically  downwards  from  the  air- 
craft and  reflected  bock  to  it. 

The  reflection  coefficient  of  desert  sand  agreed  with  a figure 
obtained  earlier  at  400  Mo/s.  by  other  authorities.  It  had  been  con- 
sidered to  be  the  lowest  reflection  coefficient  to  be  found  from  any 
natural  terrain. 

Measurements  over  barren  frosen  arctic  terrain  or  sea  covered  by 
several  feet  of  ice  produced  reflection  coefficients  equal  to  those  from 
desert  sand. 

Over  terrain  deeply  frosen  and  oovered  by  deep  snow  and  vegetation 
however,  appreciably  smaller  reflection  ooeffiolents  were  measured. 
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1 Introduction 

?or  an  airborne  installation,  weight,  aise  and  power  consumption  of 
any  equipment  are  closely  limited,  especially  when  the  equipment  is  for 
general  installation.  A terrain  olearanoe  indicator,  as  an  ancillary 
pieoe  of  equipment,  should  olearly  aooept  these  limitations.  As  a piece 
of  military  equipment,  however,  it  is  required  to  operate  to  a prescribed 
standard  over  every  type  of  terrain,  so  that  adequate  power  must  be 
produced.  — 

The  strength  of  a signal  transmitted  from  and  reoeived  back  in  the 
aircraft  depends  on  the  reflection  ooeffioient  of  the  terrain  over  which 
the  plane  is  flying.  Since  the  transmission  is  vertically  downwards  no 
problems  of  plane  of  polarisation  exist. 

It  has  long  been  known  that  dry  desert  sand  gave  a.  lm  reflection 
coefficient.  Measurements  had  been  made  much  earlier*  at  400  Xc/a,  and 
other  authrrities  have  made  measurements  more  reoently2  at  10,000  Mc/e. 

The  value  for  the  reflection  coefficient  measured  by  us  at  1600  Mo/s 
agreed  olosely  with  that  at  400  Mo/s.  The  figure  fer  10,000  Mo/s 
would  seem  to  be  appreciably  smaller. 

Calculations  were  made  of  the  reflection  coefficients  of  frosen 
arctic  terrains,  and  much  valuable  information  was  extracted  from  a report 
by  nr.  J.A.Saxton3. 

It  was  shown,  by  calculating  on  a simplified  basis,  that  arctic 
terrain  oould  be  as  bad  as,  or  even  worse  than  barren  desert.  All  avail- 
able sources  cf  U.S.  and  Canadian  information  were  approached  for  results 
of  theory  or  measurement  of  arctic  reflection  coefficients,  but  no  satis- 
factory information  was  collected.  It  was  therefore  decided  to  make 
actual  measurements  ovor  sub-arctic  terrain  in  Northern  Canada  in  mid- 
winter when  complete  free sing  takes  place  tc  a depth  of  several  feet. 

2 Method  of  Measurement 


The  measurements  of  reflection  coefficient  were  made  by  comparing 
the  strength  of  a reflected  signal  from  a given  terrain  with  a signal 
reflected  from  open  sea.  The  figure  for  the  reflection  ooeffioient  of 
sea  water  was  taken  as  0.85  as  given  in  the  paper  by  Dr.  Saxton^. 

It  was  possible  in  most  oases  to  make  direct  comparison  with  an 
open  water  reflection.  The  desert  measurements  were  mode  over  ooastal 
sand  in  the  Sinai  Peninsular.  The  frosen  ground  and  sea  measurements 
were  made  in  North  Canada,  either  near  to  Hudson  Bay,  where  there  is 
almost  always  a wide  open  s tret  oh  of  water,  or  else  near  to  the  Great 
Lakes,  where  open  water  was  also  found.  Purther  checks  were  made  an 
all  occasions  of  the  overall  loop  gain  of  the  equijment  in  flight. 

The  equipment  used  was  an  experimental  model  of  a terrain  olearanoe 
indicator  working  on  a frequency  of  1600  Mc/s.  The  transmitter  produced 
pulses  of  about  0.5  microsecond  duration  with  a pulse  repetition  frequency 
of  10  kc/s.  The  pulses  refloated  from  the  ground  were  displayed  on  a 
cathode  ray  tube  on  a circular  time  base  as  a radial  reflection. 

The  gain  was  checked  using  cut  attenuator  and  a delay  line  of  coaxial 
aeble  of  sufficient  delay  to  allow  the  pulse  to  be  seen  outside  the  aero 
height  break  through  pulse.  The  attenuation  of  the  cable  was  corrected 
for  temperature  from  the  known  aharacterietios  cf  the  cable.  Two  levels 
were  aheoked  at  full  gain,  to  determine  a pulse  which  was  just  limiting 
cut  the  cathode  ray  tube,  or  a pulse  which  was  just  visible  above  the  noise. 
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The  Mt  performance  having  bean  oheoked,  lossy  oable  of  known 
attenuation  and  negligible  delay  was  introduced  Into  the  transsdtter 
or  reoeiver  oable a to  produoe  a reoeived  pulse  which  oould  be  checked 
visually  and  set  to  a standard  amplitude  over  open  sea.  Then, over  a 
terrain  of  lower  reflection  coefficient,  attenuation  was  removed  by 
known  amounts  until  the  reoeived  pulse  was  again  of  standard  amplitude. 

A different  check  was  used  on  some  oooaaions,  when,  with  the 
attenuation  unchanged,  the  aircraft  was  flown  from  one  height  over  sea 
to  a different  height  over  a aeoond  terrain  to  produoe  signals  of 
standard  amplitude . Assuming  a law  of  attenuation  with  height,  the 
reflection  ooeffioient  of  the  terrain  relative  to  a sea  figure  can 
again  be  obtained.  The  law  of  attenuation  with  height  was  assumed 
to  be  a third  power  law,  for  reasons  given  later  in  Appendix  I.  These 
figure*  agreed . oloeely  with  those,  obtained  wtoen  thp  inserted  attenua- 
' tioa  waa  varied, ' 

The  flying  was  mostly  done  at  10,000  feet  or  at  20,000  feet. 

No  great  accuracy  was  ol aimed  for  these  measurements,  but  two 
observers  made  a large  number  of  measurements,  and  the  results  were 
repeatable  to  better  than  ♦ 2 db. 

3 Choice  of  Terrains 

It  has  been  known  for  a long  time  that  the  reflection  ooeffioient 
' of  dry  desert  was  very  low,  being  the  extreme  oase  of  the  variation  of 
the  reflection  coefficient  with  the  moisture  oontent  of  a terrain.  In 
foot  it  has  often  been  assumed  that  dry  desert  provided  the  lowest 
reflection  coefficient  to  be  found  for  any  terrain.  Moreover,  sinoe 
desert  areas  have  been  frequently  flown  over  for  several  years,  this 
fact  has  been  of  some  importance,  and  indeed  many  measurements  have  been 
made  in  desert  areas. 

Figures  had  been  quoted  for  the  reflection  ooeffioient  of  desert^ 
at  400  Mo/s,  but  the  reliability  of  this  information  was  not  known.  It 
was  therefore  decided  to  carry  out  measurements  at  the  frequency  of 
1600  Mc/a  used  by  a terrain  clearance  indicator.  Care  was  taken  to 
aeleot  an  area  of  loose,  shifting,  and  completely  dry  sand.  It  was 
desirable  that  the  area  should  be  coastal  so  that  a direct  and  rapid 
oosipariaon  of  sea  and  sand  reflections  oould  be  made. 

A suitable  area  was  located  on  the  north  coast  of  the  Sinai 
Peninsular  between  Port  Said  and  El  Ariah,  and  it  was  there  that  desert 
flying  wee  done.  The  north  African  coast  in  general  is  limestone  rook, 

covered  often  by  a little  sand  but  rarely  by  loose  sand  dunes.  Flying 
wee  carried  out  over  much  of  this  area  too  from  K1  Alamo  in  to  the 
CL  Adem-Benghasi  area. 

At  the  same  time  as  this  flying  programs  ms  carried  out,  in 
Jins  1950,  preliminary  considerations  showed  that  low  refleotion  might 
be  expected  from  enow  covered,  or  frosen  areas.  Until  recently  there 
wee  little  or  no  flying  done  over  the  arctic,  but  sinoe  arotic  flying  is 
beooming  more  frequent,  it  was  decided  to  investigate  the  problem.  It 
me  too  lets  to  arrange  for  a flying  programme  over  arotic  terrain  in  the 
winter  of  1950-51,  and  it  had  to  be  deferred  until  the  winter  of  1951-52. 

A reoent  paper  ly  Er.  J.A.Saxton^  treated  theoretically  the  reflec- 
tion of  radio  waves  frem  snow  ooversd  or  ioe  oovered  terrains  for  all 
angles  of  incidence.  It  was  shown  that  due  to  the  very  low  attenuation 
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in  snow  and  ioe,  tha  medium  below  tho  snow  and  ioe  still  played  an  iapor- 
tant  part  in  the  behaviour  of  the  terrain.  The  paper  dealt  with  the 
general  oase.  The  present  survey  was  concerned  only  with  the  particu- 
lar ease  of  normal  incidence,  and  it  was  found  that  a simple  approach 
could  be  made  by  treating  the  problem  as  one  of  impedance  change,  as 
shown  in  Appenix  II. 

The  calculations  showed  the  following  points: - 

(1)  Normal  moist  land,  when  snow  covered,  oould  give  a slight 
decrease  of  reflection  coefficient  if  the  snow  was  completely 
dry. 

(2)  Dry  sand  oovered  by  dry  snow  oould  give  a reflection  ooeffio* 
ient  much  smaller  than  the  already  small  reflection  coefficient 

' - of  dry  "mm£  alone . 

(3)  Sea  oovered  by  ioe  would  have  a reflection  coefficient 
appreciably  lower  than  that  for  open  water,  but  comparable 
with  moist  land. 

It  was  considered  that  in  the  arctic,  where  land  and  aea  are 
frozen  to  a depth  of  several  feet,  and  where  the  temperature  is  very 
low,  e.g.  -50°C  at  the  surface,  the  surface  layers  would  be  so  com- 
pletely frozen  that  no  liquid  droplets  would  remain  dispersed  through- 
out the  ioe  or  soil.  In  such  a case  the  soil  oould  be  considered  to 
have  a similar  reflection  coefficient  to  the  same  soil  if  completely 
dry,  as  the  contribution  by  the  frozen  moisture  content  would  be 
negligible.  Sven  if  the  terrain  was  completely  waterlogged,  and  then 
ocmpletely  frozen  out,  the  reflection  coefficient  would  be  expected  to 
be  still  quite  low.  This  condition  might  have  a dose  equivalent  over 
the  vast  tracts  of  the  arctic  and  aub-arotio  areas  of  tundra  or  muskeg. 

It  was  therefore  deeidod  that  a flying  programme  ahould  be  carried 
out  over  Northern  Canada  in  tho  coldest  part  of  the  winter  to  cheok  • 
these  results. 

The  flying  was  done  during  January  and  February  1952  and  mostly 
from  Fort  Churchill  on  tho  S.W.  shore  of  Hudson  Bay,  Fort  Churchill 
being  chosen  for  various  reasons.  It  offered  accommodation  and  also 
ths  aircraft  facilities  of  a heated  hangar. • It  was  just  about  at 
the  edge  of  the  tree  line.  To  the  north  were  vast  areas  of  barren 
gravel.  - Inland  were  areas  of  muskeg.  Further  inland  was  deep 
forest  land,  and,  of  course,  there  was  the  ioe  of  Hudson  Bay.  More- 
over, in  general,  there  is  visually  a stretch  of  open  water,  or  lead, 
to  be  found  on  Hudson  Bay  for  use  as  a comparison.  Although  the  Bay 
freezes  over  ocmpletely,  the  whole  ioe  cap  moves  slightly  due  to  winds 
and  there  is  generally  an  open  water  lead  which  may  be  up  to  a mile  or 
so  wide  and  zany  miles  long.  This  is  generally  to  be  found  near  to 
the  coast  and  is  mostly  on  the  Vest  side  of  the  Bay,  i.e.  near  to,  or 
North  of  Fort  Churchill. 

Ths  measurements  over  ice  were  done  in  flights  out  towards  ths 
osntre  of  the  ioe  pack  in  Hudson  Bay.  Here  the  ioe  was  probably  up 
to  9'  thiok,  but  with  a very  rough  surface  and  auoh  ioe  piled  up.  The 
ooastal  ioe  would  be  3 to  6 feet  thick  only.  But  even  here  the  sur- 
face was  rough  with  huge  pressure  ridges  where  the  ioe  was  pushed  up 
to  ridges  many  fee t in  height. 
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Ths  areas  to  the  North  of  Tort  Churchill  and  lakimo  Point  to 
Chesterfield  Inlet  had  vast  tract*  of  barren  ground  and  shingle  and 
shallow  lakes.  As  was  typical  of  this  sort  of  terrain,  it  was  swept 
by  wind  and  as  a result  had  little  of  nc  snow  oover,  a few  inahes  at 
the  aoat.  As  a result  the  whole  area  would  be  frosen  to  a oonaider- 
able  depth,  i.e.  several  feet.  In  foot,  being  in  the  permafrost  aone, 
both  gravel  and  lake  would  be  fro  Ben  right  down  to  the  permanent  frosen 
layers. 

The  muskeg  areas  too  had  little  snow  oover  and  as  a result  again 
all  the  water  pans  and  the  earth  could  be  expeoted  to  be  frosen  down 
to  the  permafrost  level  also. 

From  Tort  Churchill  the  airoraf t flew  asross  Panada  to  the  North 
of  fjft frit  Athabaaka  on  .to  •litsborse  in  the  Tukcn.  . jourasy 
allowed  measurements  to  be  made  over  terrain  whioh  was  heavily  wooded 
and  Contained  a large  number  of  lakes.  There  was  a complete  oover 
of  loose  lightly  compacted  snew  some  three  feet  or  more  deep.  This 
covered  lake  and  land,  and  also,  being  different  in  texture  from  the 
hard  fine  granular  snow  as  found  at  Fort  Churchill,  it  thickly  ooated 
all  the  branches  of  the  trees. 

As  a result  of  the.  deep  anew  oover  the  ground  was  thermally 
protected  and  would  be  less  cold,  and  frosen  to  a smaller  depth,  than 
at  Fort  Churchill.  The  ice  on  the  lakes  was  less  thick  than  the  Boy 
ioe  and  also  would  be  cooperatively  smooth  on  the  surfaoe. 

Further  checks  on  this  type  of  terrain  ware  made  In  flight*  on 
the  return  journey  from  Fort  Nelson  to  Xdmonton,  and  from  Item  ton  to 
Ottowa,  using,  in  the  latter  case,  open  water  of  Lake  Superior  for  a 
comparison. 

■ t £Sfi£ ts 

The  figure  for  the  reflection  coefficient  of  sea  water  was 
aooepted  as  0.85.  It  was  also  knewn  that  over  typical  >igllah  moist 
terrain  the  reflection  coefficient  was  down  relative  to  sea  water  by 
about  4 to  6 db.  There  was,  of  course,  a greater  decrease  over  dry 
sandy  soils  after  a long  spell  of  dry  weather. 

Daeert  Sand  Dunea 

Over  the  dry  shifting  aanda  of  Sinai  the  decrease,  compared  with 
a sea  reflection,  was  approximately  1$  db. 

Barren  Desert  Book 

Measurements  over  the  rooky  desert  of  North  Africa  showed  that 
the  signals  warp  not  quite  so  weak  as  from  the  loos*  shifting  sends 
end  * comparative  figure  of  12  db  would  seem  to  be  reasonable. 

BagaJgft 

Reflection*  from  the  paok  ioe  of  Hudson  Say  wars  15  db  less  than 
from  open  sea.  The  reflection  from  the  shore  ioa  were  of  similar 
strength,  the  only  difference  being  that  from  the  pack  ice  the  pulse 
was  less  steady  and  more  ragged  in  shape.  It  is  seen  that  this  figure 
is  considerably  lower  than  the  calculations  indicated. 
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Maakog  and  Barron  growl 

Both  types  of  terrain  seemed  to  give  s reflection  30  - 13  db 
down  on  see.  The  value  wss  mostly  13  db  down  but  ooosaionslly  the 
reflected  wave  seemed  to  inoresse  in  strength.  This  was  probably 
due  to  e somewhat  stronger  specular  reflection  from  smooth  sheets 
of  ice  whioh  were  sometimes  very  extensive,  instead  of  the  o us  tomary 
mixture  of  gravel  or  muskeg  and  small  ponds. 

Inland  Snow  Covered  Lotos 

The  reflection  from  the  snow  oovorod  lakes  was  somewhat  stronger 
than  from  the  rough  sea  ioo  and  was  about  10  db  down  on  sea  reflections. 
This  may  partly  be  due  to  the  faot  that  the  inland  lake  a,  being  com- 
pletely surrounded  by  tall  trees,  bad  smooth  io®  surfaces*  ■ ffaa  ataexp- 
neas  with  which  the  reflection  changed  when  ftytftg  Aral  fimWW-Gahi 
indicated  that  the  reflection  was  largoly  speoular. 

Snow  Covered  Forest 

This  provided  the  weakest  signals  so  far  recorded  and  the  value 
wes  repeated  each  time  flying  was  done  over  such  ground.  The  value 
was  consistently  20  db  down  on  a scs  refleotion. 

- The  above  results  are  collected  together,  assuming  the  refleotion 
coefficient  for  water  to  be  0,85. 


Terrain 

Refleotion  Relative 
to  Sea 

Refleotion  Coefficient 
assuming  0.85  for  Ses 

Sea 

0 

0.35 

Dry  Desert  Sand 

-15  db 

0.15 

Barren  Desert  Rock 

-12  db 

0.21 

frozen  Ses  Ice 

-13  db 

0.19 

Smooth  Snow  Covered  Lotos 

-10  db 

0.27 

Frozen  iuistogand  Gravel 

-10  db 

0.27 

to  -13  db 

0.19 

Frozen  Snow  Covered  Forest 

-20  db 

0*08 

5 Oonolusiona 

The  survey  hss  covered  »11  terrains  which  were  expected  to  give 
very  low  values  of  refleotion  coefficient.  Whilst  it  is  expected  thet 
heavily  wooded  Xuropesn  terrain  or  tropioalforests  etc.  may  well  cause 
a significant  decrease  in  the  coefficient  of  ordinary  soil,  it  ia  not 
expected  that  values  as  low  as  for  arctic  forest  will  be  obtained. 

It  should  be  stressed  that  these  low  coefficients  refer  speoifi- 
oally  to  terrain  so  cold  that  all  moisture  content  has  been  fro  sen. 

Normal  ground,  enow  and  ioe,  even  when  apparently  well  frosen,  can  have 
■aall  droplets  of  eater  distributed  through  them.  This  would  tend  to 
increase  the  coefficient,  so  that  measurements  of  snow  covered  surfaces 
in  U.X.  and  indeed  in  oentrol  Europe  would,  in  general,  have  coefficients 
of  quite  a large  value. 
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tance it  would  have  Been  impossible  to  identify  the  various  type*  of 
terrain  under  the  difficult  flying  oonditions  encountered. 

The  flights  were  carried  out  in  s Toxic  aircraft  from  the  Royal 
Aircraft  Establishment.  Whilst  in  Canada  the  aircraft  waa  attached 
to  the  Ministry  of  Supply,  Cliastio  Detachment  C.E.P.X. , Bdmonton,  Alborta, 


The  work  was  oorriod  cut  under  the  guidance  of  Mr.  V.L.Horwood 

>Dapt»  at  the  Royal  Aircraft  SstsblUhuant.  Mr,  V.G.  Caudle 
uttwr  on  an  the  fllghte  end  assisted  da  the  «wpe*l- 
mental  programme  aa  well  aa  being  responsible  for  maintaining  the 
equipment  and  installation. 


Pa 

Pu 

G 

*l(«) 

6a 

h 

d 

O’ 

fa(«) 

« 

A 

P 

r 

a 


LIST  <g  SYMBOLS 
Transmitter  power 
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recoived  pulae 
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The  power  distribution  pattern  of  the  transmitter  serial  at 
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The  ratio  of  power  re-radiated  from  on  area  6a  to  tba 
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The  distribution  pattern  of  the  power  rv-radLeted  from  the 
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for  ieotropio  re-radiation 
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The  polarisation  factor  of  the  power,  r«-«adia ted  from 
the  area  6a 

She  distance  on  the  ground  between  the  vertical  txm  the 
picas  and  the  slant  diatoms  at  an  angle  a 

The  dietenoe  equivalent  to  one  pulse  length 
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Lew  of  Atta 


aasi 


> ^urfaoo  rough  oonpared 


MiJ&r 


A transmitter  at  0 rails tea 
power  Pt. 


The  gain  in  the  direotion  01 
with  respect  to  an  isotropic  souroe 
is  G,  and  the  distribution  pattern 
is  fi(a),  where  a is  the  angle 
between  01  and  the  direotion  under 

^ ytiffl  i 


Then  the  power  received  on  an 
element  of  area  6a  at  1 


x G 


The  power  on  a unit  of  area 
6a  at  B— 


Ptx 


6a  ooaa 
4*d2 


x G x fx(a) 


It  has  been  assumed  that  if  energy  from  a dipole,  or  other  plene 
polarised  aerial  la  incident  on  a surface  which  is  rough,  then  the 
scattered  energy  will  have  a rondom  polarisation  and  will  be  scattered 
according  to  a suitable  law. 

Let  the  ratio  of  re-radiated  to  incident  power  at  6a  be  wand 
the  radiation  pattern  be  gf2fe)»  where  g is  the  gain  normal  to  the 

surface.  ' Then  the  power  re-rsdioted  from  6a  at  B in  the  direotion 
of  0 and  evoilable  at  a matched  aerial  of  equivalent  area  A, 


But 


*X(B> 


. Gain  - ^ and  gain  at  ongla  c to  G1  is  Gfx(a). 

Also  a polarisation  faotor  p must  be  added,  ainoe  the  power  re- 
radio  ted  from  6a  is  randomly  polarised  and  the  aerial  is  polarised  in 
one  plane* 
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. . Power  available  into  a matohed  load 

p-  ’ ?*  »£§*-*»  “iC>  »'<W  “ife 

os  a 
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x P 


&*.  1 * 


The  power  returned  to  an  aerial  at  0 from  an  annulus  of  radius 
AB  and  of  width  BO  arrives  approximately  from  ana  range  d,  if 
SO  » Sr* 

Now  6a  ■ 2*r  6r 


But 


r » h tana  . 


and  (rah  aeo 2 a 5 a 


4 4 

6a  ■ 2xh  tan  a see  a 6a 


• • *a  " s,  * 02  8 fj  (a)  f_(«)  -T-  2 * h2  tana  aeo2 a 6a 


&v*3  - A "2'-' 


32* 


2 

^ « *i  («)  *2(«)  tana  aeoa  6a 


But  ooe 


a ■ ^ 

A 


p.  -^jr  * « *1  w f2(«) «• 


00a  a 


■ 4 end  6a  ■. 


6d 


d2  sin  a 
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**fpX2 

Putting  X - ^ ■ 


P,  - X G2  g fx2(«)  f2(q)  £ fid 


The  total  power  returned  to  the  aerial  at  0 


KGZg  / f!2(a)  f2(«)  64 

'deh  * * 


Weir  if  f^(ai)  ant  f2(s)  m given  functions  of  ooa  a 

certain  faots  are  of  Interest.  This  la  a reeaonable  approximation, 
for  a dipole  and  reflector  oonf orm  very  oloaely  to  ti(a ) ■ oos^a(power). 
A single  slot  aerial  behaves  as  fi(a)  ■ oos  a approximately,  whereas 
the  radiation  from  a double  slot  aerial  is  not  far  from  the  lav 
f^(a)  ■ oos*  « . 

Moreover,  re-radiation  from  a flat  surface  rough  compared  with  the 
wavelength  is  given  as  f2(a)  » oos  a (Lamberts  Law). 


. . Total  power  available  P#  ■ X02g  f ooJ*  a Jl  fid 

7h 

where  if  tbs  aerial  polar  diagram  is  G oo^  a end  the  ground  scatter- 
ing Is  g oo a^o  , n ■ 2a  + t . 


P»-XG2g  j 

r 

h 

• KO^g 

^n+l 

(n  ♦ 3)«n+-5 

g2. 

(n  ♦ 3)  h2 


Sms  tbs  total  ?ov»r  available  is  always  proportional  to 
mould  bo  expected. 

In  tbs  pulse  altimeter  only  the  power  wbioh  arrives  at  the  raoalvar 
XL  thin  tbs  pulse  width  tins  of  the  earliest  return  of  energy  is  uasfttl 
ip  homing  9 the  re  turned  pulse. 

Cenadder  the  last  useful  energy  to  ho  netommd  from  an  ami*  of 
• whore  d • h ♦ o where  s la  the  extra  path  langth  equivalent  to  tho 
pulse  width  delay#  (f«  • lA  peso  pulse  e a 130  feet)*  than  the 
uaeftl  evellahle  power 
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Now  saqpaa&lng 
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r(n*3) 


i ~ (-  - ?)  # t <n  4 3j  <n  4 »2  - <n  1 3>  ■*♦... 

* 2 h2  2xJ  h3 


For  valuta  wbtra  b » ■ and  for  —11  valuta  of  n,  tens  after 
tha  aaoond  art  negligLbla  and 


(x^’.x-O.O)- 
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“ 

Pu  - K 02g  — 1 — - 

1 - 1 ♦ (a  ♦ 3)  a 
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80  that  tor  all  halite  vbara  h » a 
follows  a third  powar  law. 
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The  reflection  coefficients  of  radio  eaves  fron  sneer  or  ioe 
o on/e  red  terrains  hove  been  osleuleted  by  Saxton?  for  all  angle*  of 
incidence.  In  dealing  with  the  general  ease,  complex  optical 
reflection  formulae  were  used,  and  it  was  considered  that  for  noraol 
inoidenoe,  results  oould  be  obtained  using  iopedonoe  disoontinuities. 

The  following  data  was  eztrooted  from  the  article  toy  Saxton  and 
was  used  as  a basis  for  the  oaloulations. 

Reflection  Ooeffioient  of  See  feter,  aortal  inoidenoe  at  1600  MV's 
m 0.85 

Complex  permittivity  of  "avoroge"  land  11-32 
« » " sea  water  88  - 367 

■ • " loo  3.05 

' * * snow  1 .V> 

The  Intrinsic  impedance  of  0 medium  of  complex  permittivity  K is 


377 


Thus  ww  hsvw 


Median 

"ivwrsge"  Lend 
Sem  later 
Xse 


ohns 


Impedance  (ohms) 


112  ♦ 
34  ♦ 
216 
320 


310 

311.5 


The  reflection  adeffiolent  R for  ncrmsl  inoidenoe  at  the  boundary 
of  two  modi*  of  impedances  Sj,  and  Z2  is  given  by 

R mhjLh 
*!♦% 

Has  rsflsoticn  coefficients  for  on  slr/lsnd  or  on  sir/oss  boundary 
asn  be  obtsinad  directly. 

far  the  cess  whan  three  media  are  involved,  it  is  necessary  to 
tranrfon  the  inpadonoe  of  tbs  lowsat  media*  throat  a distance  tqual 
to  Him  depth  of  ths  lntsrnsdiats  layer. 

day  layer  depth  00a  bs  allowed  for  in  this  way  by  the  usa  of  a 
oinls  disgrm,  sad  ths  MshLtmt  aoeffloisnt  oao  bs  assn  to  bo  an 
oscillatory  faction  with  — and  nlnlna  occurring  at  intervals 
of  half  wavelength  of  tbs  thlotosas  of  the  intemedimte  layer. 
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Whan  oonaidering  the  ease  of  air,  lot.  land,  or  air,  lot,  ate,  it 
la  clear  that,  at  the  wavelength  need,  the  layer  thickneaa  will  at  all 
tinea  he  rough  oowpared  with  a wavelength,  and  therefore  the  reeultent 
reflection  coefficient  will  ho  an  average  value. 

Gonaider  varloua  ainple  oaaea  of  one  discontinuity 


Air  to  Ice  Z air  « 377  Z lot  ■ 216 

_ 377  - 216 
* * ■ ■ — 1 » ■ 0, 27 
377  + 216 


2. 


Air  to  Show  Z snow  ■ 320  for  well  oonpaoted  now 


H » 0.06 

J . ; , - ..  -vi 


jM*Y  + 


The  attenuation  through  deep  ioe  is  nail,  end  through  deep  anew 
is  negligible,  so  that  it  will  he  expected  that  in  these  oaaea  the  sodium 
below  the  enow  or  ioe  oust  always  be  oonaidered. 

3.  Air  to  Average  Land  Z land  ■ 112 

. R » 0.54. 


4.  Air  to  8ea  Z aaa  - 36 

R > 0.63 


Oaaea  of  Threw  Media 
5,  Air  - Snow  • Land 

The  impedance  of  average  land  112  ♦ J10  will  ha  trensfanwd  through 
various  lossless  depths  of  enow  of  Impedance  320  otau.  The  land  iwpedanoe 
norwaliaed  to  that  of  snow  in  0,35  ♦ 3.031.  Tha  impedance  at  tha  upper 
■new  aurfaoe  will  vary  from  320  x 0.35  ■ U2  ohna  whan  tha  depth  la  an  odd 
number  of  VV  to  320  x 0,35  ■ 930  ohms  when  tee  depth  is  an  even  number 
of  XA. 

than  tease  values  are  oonaidered  with  tee  air  impedance  of  377 

_ 377  -U2 

B ■ ■ 0. 54  a#  for  the  no  mmroaM 

377  ♦ H2 


B _ 910 -377 
S®0  a 377 


• 0.42 


6.  Air  - Zee  - Sea 

The  igeimme  of  eea  water,  34  a $UU5  then  noaaallatd  ta  ioe  of  216 
he 00— a 0*36  a 4.05.  This  value,  whw  tiunefhmad  aa  den  temw#i  vary- 
ing iee  layers  has  «tr—  values  of  34  and  1390  ohm. 

The  oattr— a mines  of  X heoone  0.83  and  0.96. 
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In  both  ouei  the  average  value  shows  a decrees*,  hut  la  aeither 
osae  la  It  vary  much  nailer. 

7 Air  - Snow  - Land  under  arotio  oonditlona 

If  land  is  intensely  fro  sen  to  a oonaiie  ruble  depth  it  ia  con- 
st do  rod  that,  as  all  the  moisture  present  in  the  soil  is  in  the  form 
of  ice  particles,  the  behaviour  of  the  land  will  be  comparable  to  that 
of  desert  where  similarly  no  moiaturo  ia  present  aa  such.  It  is 
stressed,  however,  that  it  is  imperative  that  no  moiaturo,  os  such, 
nuat  be  present,  either  in  the  land  or  in  tho  snow  or  ice  oover. 

Thus,  if  tho  reflection  coefficient  of  frozen  arotio  terrain 
is  assumed  to  be  similar  to  that  of  desert  send,  i.s.  0.17,  tho 
impedanoo  is  2'1  ohms.  Whon  this  is  normalised  to  snow  impedance 
it  becomes  0.83. 

Tho  reflection  coefficient  when  the  transformed  impedanoo  ia  a 
maximum  is  0,17  as  for  tba  simple  oase  of  air  - sand. 

But  when  the  minimum  impedance  is  oalouleted,  it  is  seen  to  be 
0.01.  So  that  the  average  value  can  be  quite  low,  of  the  order  of 
0.17/2  or  0.08.  This  condition  will  exist  whenever  the  impedanoea 
of  the  snow  or  ice  layer  and  the  impedance  of  the  land  are  such  that 
the  intermediate  layer  acta  » a a matching  transformer  i.e.  whenever 
Z(ioe  or  snow)  ■ jyj~l  x Z land. 
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